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(54) ELECTROLYTIC METHOD AND TREATMENT BATH FOR PROVIDING 
CHROMIUM-CONTAINING PROTECTIVE COATINGS ON STEEL STOCK 



(71) We, United States Steel Cor- 
poRATiON» a corporation organized and exist- 
ing under the laws of the State of Delaware, 
United States of America, doing business at 
525 William Penn Place^ Pittsburg, State of 
Pennsylvania, United States of America, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement : — 

This invention pertains to chromium- 
containing electrolytes and the use thereof for 
the production of coated, corrosion-rcsistant 
flat-rolled steel based stock. 

Flat-rolled steel has long been produced 
with an overlying layer of tin, either applied 
by hot dipping or, more recently, by electro- 
deposition. The tin layer serves as a protec- 
tive, corrosion-resistant coating of particular 
value when the thus-coated steel is used in 
the manufacture of food and beverage cans 
and other containers required a corrosion- 
resistant surface. The tin layer also facilitates 
soldering of the side seam construction 
usually employed in the manufacture of sucli 
articles. 

More recently, such containers have been 
produced by welding or by adhesive bonding 
of the side seam, thus enabling elimination 
of the tin layer required for effective solder- 
ing. Elimination of the costly tin layer is, of 
course, of considerable economic advantage. 

Untinncd flat rolled steel stock, when used 
for can-making purposes, must be provided 
with a protective coating, such as enamel or 
Jacqucr. to prevent deleterious chemical reac- 
tion betv/een corrosive can contents and the 
metal can body. Such protective coatings 
are of a variety of compositions, being speci- 
fic in nature and function to the intended 
application of the coated container, and are 
preferably applied to the flat metal container 
stock by the container manufacturer, rather 
than by the steel producer. 

Since the uncoated flat-rolled steel is 



susceptible to rusting during extended periods 
of shipment and storage, and since rusting 
detracts from the desired clean, bright ap- 
pearance of the sted and also deleteriously 
affects adherence of subsequently applied 
protective coatings, rusting should ideally be 
prevented and die steel ddivered to the con- 
tainer manufacturer in a suitable condition 
for application and retention of the necessary 
protective coatings even after considerable 
periods of storage under humid conditions. 
Further, since the latter coatings are gener- 
ally transparent, any treatment of the steel 
by the steel producer preferably should not 
detract from the desired bright metallic ap- 
pearance of the finished fabricated article. 

Additionally, the metal stock provided to 
the can manufacturer should preferably be 
of such a nature as to resist delamination of 
the subsequently applied enamel or lacquer 
coating during fabrication, and the stock 
should preferably resist undercutting of such 
overlying protective coating by corrosive 
action of the can contents at the sites of de- 
fects in the enamel or lacquer coating or 
breaks, cuts or other defects caused during 
container fabrication. 

Still further, in the case of containers hav- 
ing an adhesively bonded lapped side scam, 
it is usually required by the container manu- 
facturer that such bond have a minimum 
peel (separation) strength of 25 pounds per 
inch of seam width for steel stock of 55 to 
60 pounds basis weight (about 6 to 7 mils 
thickness). 

Ordinary, untreated, cleaned and oiled 
flat-rolled steel (black plate) does not satisfy 
all of the foregoing requirements. 

Most recently, tin-free steels have been 
made available for container manufacture 
and whicht provide, on the flat-rolled steel 
surface, either a thin layer of electrolytically 
deposited metallic chromium (see for ex- 
ample, U.S. Patent Specification No. 
3,113,845), a film of chromium-containing 
oxides (see for example, U.S. Patent Specifi- 
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cation No. 2.998.361). or both (see for ex- 
ample, U.S. Patent Specification No. 
1296J00). 

However, electroplating processes have 
been inherently costly whereas, for their suc- 
cessful use jn production of stock for con- 
tainer manufacture, they should ideally add 
only insignificantly to the cost of production 
of untreated black plate. 

Specifically, such electrolytic processes, to 
be of maximum commercial utility and value, 
should ideally meet the following economic 
criteria : 
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1. the cost of the electrolytic bath chemi- 
cals must be low; 

2. the concentration of the bath chemicals 
must be low in order to avoid economic 
loss due to high dragout losses at the 
normally required high line speeds, e.g. 
500 to 1500 feel per minute or greater; 

3. the bath treating time must be low. in 
order to reduce to an economically 
feasible number, the treating tanks re- 
quired; 

the power requirements must be low; 
the oath composition must be uncom- 
plicated in preparation, control and 
maintenance: 

the process must be sufficiently flexible 
in operation, so that only minor 
changes in process conditions need be 
made to produce a wide range of pro- 
ducts of optimum characteristics for 
many end-use applications; and 
the overall process must be susceptible 
of easy and accurate control to ensure 
optimum product quality without ex- 
cessive post-production and pre-fabri- 
cation quality testing. 

40 The prior art. such as that referred to 
above, does not provide processes which 
have enough of the foregoing desirable at- 
tributes and which also provide products 
having enough of the aforementioned desir- 

45 able properly characteristics. For example, 
although U.S. Patent No. 3,296.100 teaches 
die production of articles comprising a steel 
base, such as flat-rolled can stock steel, pro- 
vided with an intermediate, thin metallic 

50 chromium layer and an overlying chromium 
oxide film, by a process using a low concen- 
tration (10 — 50 g/1) of chromic acid plus a 
sulfuric acid radical catalyst, a pre-trcatment 
of the bath by electrolysis is taught as re- 

55 quired to provide a certain proportion of iri- 
valcnt chromium ions in the bath solution, 
U.S. Patent No. 3.1 13.845 teaches production 
of a thin metallic chromium layer on steel, 
such as can stocky by means of an electro- 

60 lytic bath wherein the chromic acid content, 
as is usual in most prior art chromium plat- 
ing baths, is relatively high e.g. 100—250 
g/L US. Patent No. 2.998,361 teaches the 



production of hydratcd chromium oxide 
films only, the formation of such films being 65 
promoted by the use of aromatic sulfonic 
acids and sulfonates, in a chromic acid- 
containing electrochemical bath. 

Chromium deposition, in thin layers on 
can stock steel, has also been effected from 70 
electrochemical baths containing, as the 
metallic chromium-depositing promoter or 
catalyst, phosphoric acid, boric acid and 
oxalic acid (U.S. Patent No. 3.032,487). The 
necessity of boiling the oxalic acid-containing 75 
bath until oxidation of the latter compound 
is complete, is a further illustration of a 
costly, time-consuming procedure which de- 
tracts from the commercial value of prior art 
processes. 80 

Expensive and hard-to-handic fluorine- 
containing compounds* such as hydrofluoric 
acid and silicofluoric acid, have also been 
used in the prior art, in conjunction with 
usual metallic chromium-depositing catalysts, 85 
such as sulfuric acid and sulfates, to pro- 
mote production of bright chromium plate. 

The present invention provides a method 
for the continuous production of coaled cor- 
rosion-resistant, flat-rolled steel-base stock 90 
comprising continuously passing a flat-rolled 
steel-base stock through an electrochemical 
treating bath comprising an aqueous solu- 
tion containing from 5 to 80 g/1 of chromium 
trioxide and from 0.25 to 5 g/1 of a pro* 95 
motcr material selected from cobaltous chlor- 
ide calculated as the hexahydratc and sul- 
famic acid, while employing the stock as 
cathode for the bath to provide the stock 
with a protective coating comprising a layer 100 
of metallic chromium adjacent to the stock 
surface and a layer of hydrated chromium 
oxide overlying the metallic chromium layer. 
The preferred concentration of chromium 
trioxide is from 15 to 25 g/1: the bath pre- 105 
fcrably contains from 0.25 to 1.0 g/1 of 
cobaltous chloride (calculated as the hexa- 
hydratc) or from 0.25 to 2.0 g/1 of sulfamic 
acid. The preferred bath temperature is 
from 70** to 190*F. 110 

The present invention also provides an 
electrochemical treatment bath comprising 
an aqueous solution containing from 5 to 
80 g/1 of chromium trioxide, and from 0.25 
to 5 g/1 of a promoter selected from cobalt- 115 
ous chloride (calculated as the hexahydrate) 
and sulfamic acid. Chromium trioxide. the 
chromium containing constituent of the bath, 
is readily available and of low cost, and is 
employed in a relatively low concentration; 120 
the bath docs not require pre-treatment. 

All amounts quoted for cobaltous chloride 
herein are calculated on the basis that the 
cobaltous chloride is in the hcxah>drate 
form. 125 

A preferred embodiment of the bath 
according to the invention contains from 15 
to 25 grams per liter (g/l) of chromium tri- 
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oxide (CrOj), and from 0.25 to 1.0 g/1 of 
cobaltous chloride (calculated" as 
CoCl3.6Hj,0). or from 0.25 to 2.0 ^/l of sul- 
famic acid (H3NSO3H). One embodiment of 

5 the method according to the invention is con- 
ducted by maintaining such a bath at a 
temperature of from 70° to I90'F. and pass- 
ing continuously therethrough a cleaned car- 
bon stcci strip, as cathode, for a residence 

10 time in the bath of from 0.25 second to 10 
seconds, at a cathodic current density of 
from 25 to 300 amperes per square foot (asf), 
to provide an input to the cathode of from 
50 to 1000 coulombs per square foot 

15 (cou!ombs/ft=) of electrical energy. 

The chromium layer formed according to 
the invention preferably ranges in weight 
from 0.1 to 2.0 mg of metallic chromium per 
square foot of stock surface, and the hydra- 

20 ted chromium oxide layer preferably contains 
from 0.1 to 30 mg. most preferably from 
O.l to 15 mg. of chromium values per square 
foot of stock surface. 

Among those knowledgeable in the art of 

25 metal surface treatment, it is well known that 
steel from different coils, such as coils of 
flat-rolled steel of can-stock gauges, e.g. 5 to 
10 mils in thickness, even if ostensibly pro- 
duced in the same manner, and by means 

30 of the same equipment, will frequently have 
quite different surface characteristics, so that 
a given surface treatment, applied to such 
coils, will produce markedly diHerent re- 
sults. Obviously, then, any surface treatment 

35 such as an electrolytic treatment, in order 
to provide an altered steel surface of the 
desired uniform properties, must be capable 
of fast and accurate response to variations. 
The action of the electrochemical baths of 

40 this invention is sufficiently fast in operation 
and consistent in result produced under a 
given set of operating conditions, e.g. current 
density, and those conditions are so readily 
and quickly changed in response to a change 

45 in surface reactivity of steel being treated, 
that the invention can be practised under a 
wide range of conditions, to produce a use- 
fully wide range of products, each of which 
is predictably consistent in properties. In- 

50 deed, the operating conditions of the process 
of the invention are sufficiently flexible that 
the invention can be practised with existing 
continuous steel strip electroplating facilities 
with only minor changes, if any. 

55 In accordance with the process of the in- 
vention, the stock, e.g. plain carbon steel 
black plate, can be subjected to usual pre- 
plating cleaning steps, e.g, electrolytic alkal- 
ine treatment, rinse, cathodic acid treatment 

60 and rinse; the stock is then introduced, as 
cathode, and in continuous fashion, between 
insoluble, e.g. lead, anodes into the electro- 
chemical treatment bath of the invention. 
The acid pre-treatment may be omitted. 

65 Treating time in the bath according to 
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tlic invention is most usually between 0.25 
and 10 seconds, although bath residence 
times of 3 seconds and under are preferred 
for economic reasons and are sufficient for 
the application of most coatings for can 70 
fabrication purposes. 

The current ciensity applied to the cathodic 
strip in the treating bath preferably ranges 
from 25 to 300 asf. since below 25 asf in- 
sufficient coating coverage may be ex- 75 
pericnced, and best chromium plating effi- 
ciencies, bright metallic chromium surfaces, 
and optimum oxide production is not realized 
at current densities over 300 asf. 

Residence time of tlie strip in the bath 80 
and magnitude of the applied current density 
are preferably selected within the above- 
provided ranges of each such that the total 
coulombic input to the strip in the bath is 
from 50 to 1000 coulombs /ft=. 85 

The bath temperature is preferably main- 
tained from 70° to 190°F in order to main- 
tain best strip coating efficiency and to main- 
tain a bright metallic appearance of the chro- 
mium layer. 90 

A.S a part of the cleaning pre-treatment, the 
stack to be electrochemically treated in the 
aforesaid bath may beneficially be given an 
anodic flash treatment prior to entry of the 
steel article into the coating bath. It has 95 
been found that adherence of the subsequently 
produced chromium oxide film is greatly im- 
proved by such treatment, thus inhibiting re- 
moval or disruption of such oxide film in 
the course of post-plating operations, or by 100 
rolls. Such anodic pre-treatment is most con- 
veniently accomplished by immersing the 
stack, as anode, m a first pass zone contain- 
ing the same electrolyte as used for the fol- 
lowing plating treatment. Such operation 105 
avoids contamination of the plating bath 
electrolyte and eliminates the necessity of 
providing a separate pre-treatment tank. 
However, such other tanks, and other electro- 
lytes could be used if desired. The anodic 1 10 
current density applied does not affect the 
quantity of metallic chromium or hyd rated 
chromium oxide deposited in the electro- 
chemical coating bath zone, and the magni- 
tude and duration of such anodic current 115 
density application need be only sufficient to 
effect the aforesaid oxide film adherence en- 
hancement. 

Various post-coating treating steps may 
also be used, if desired, to impart additional 120 
or enhanced product characteristics, such as 
further enhancement of rust resistance, e.g. 
when most dilute chromium trioxide solu- 
tions are used in the electrochemical coating 
bath. 125 

The double-layered coating applied in the 
electrochemical coating bath of the inven- 
tion comprises a layer of metallic chromium 
deposited on the stock surface and a film 
or layer of hydrated diromium oxides over- 130 
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lying the metallic chromium layer. Since this 
double-layered coating is formed in a single 
electrochemical treating zone, it is postulated 
that both layers form simultaneously and 
5 continuously, part of the chromium values in 
the bath being reduced to metallic chromium 
and a portion being incompletely reduced 
and forming the overlying hydra ted chro- 
mium oxides, although the invention is not 
10 limited to this proposed explanation. 

The metallic chromium layer so produced 
preferably ranges in weight from 0.1 to 2.0 
mg of metallic chromium per square foot of 
surface, and the overlying hyd rated chro- 
15 mium oxide film from 0.1 to 30 mg of 
chromium values (Cr*^^) per square foot of 
surface. The most preferred coatings are 
those wherein the metallic chromium layer 
is from 0.20 to 1.5 mg of metallic chromium 
20 per square foot and the hydrated chromium 
oxide layer contains from 2.0 to 15.0 mg of 
chromium values per square foot. 

The most useful coatings are those wherein 
the hydrated chromium oxide film is so thin, 
25 generally under 15 mg of chromium per 
square foot, that the film produces an inter- 
ference color on the surface of the treated 
article, imparting to the article a most pleas- 
ing and beautiful appearance. By varying the 
30 oxide film thickness, a wide range of colors 
can be produced. Color change is very sharp 
and sensitive to oxide fiini thickness, an 
oxide film thickness change of only about 
2.0 mg Cr^^^/fi- causinu a change in color 
35 from deep violet to light blue. "Thus, the 
same appearance and hence the same thick- 
ness of hydrated o.xide coating can be im- 
parted to each coil of steel treated regardless 
of its original surface react ivttv, or a hydra- 
40 ted oxide^^film of predetermined thickness can 
be apph'cd to the stock by merely adjusting 
the coulombic treating level until the desired 
color, corresponding to a certain chromium 
oxide film thickness, is obtained. The desired 
45 color can be produced by detecting color 
changes in the treated stock cither visually 
or by suitable optical instrumentation, and 
coulombic input to the slock in the electro- 
chemical coaling bath can then be varied 
50 manually or automatically, in accordance 
with ihe delected color changes. These colors, 
being inicrfcrcnce colors, disappear after ap- 
plication of the final lacquer coating by the 
can manufacturer and do not then alter the 
55 mclalHc appearance of the metallic chro- 
mium layer as seen through a transparent 
lacquer coating. 

The following specific examples are illus- 
trative of the elocirochjmical coating baths 
60 and the method of the invention. 

Example 1 
Commercially produced, double cold- 
reduced plain carbon steel of 60 pound basis 
weight gauge (6.7 mils thickness), was given 



a pre-plating processing common to tin- 
plating quality black plate (except for acid 
pickling), i.e.. it was eIectrol>ticalIy cleaned 
in alkaline solution and water rinsed. It was 
then given an anodic flash, at a current den- 
sity of 170 asf for 0.67 second (114 
coulombs/ft-), in an electrochemical treating 
tank (containing the same electrolytic bath 
as given below). The cleaned strip was then 
treated in an aqueous electrochemical coating 
bath as follows: 
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Process Element 



Element 
Specification 



chromium trioxide, CrO, 
cobaltous chloride, 

CoCl,.6H,0 
cathodic current density 
cathodic treating time 
solution temperature 
line speed 

coulombs per square foot 
(cathodic pass) 



60 g/1 

0.5 g/l 
170 asf 

2.0 seconds 
120" F 
150 fpm 

340 



80 



85 



Example 2 
Steel strip similar to that of Example 1 
was given the same pretreatment, except that 
the anodic flash was at a current density of 
87 asf (58 coulombs /fi^), and then cathodxc- 
ally treated in an aqueous bath as follows: 



90 



Process Element 



Element 
Specification 



chromium trioxide 
sulfamic acid 
cathodic current density 
cathodic treating time 
solution temperature 
line speed 

coulombs per square foot 
(cathodic pass) 



95 



20 g/l 
1.0 g/l 
100 asf 

2.0 seconds 
140" F 

150 fpm 100 



200 



Example 3 
Steel strip similar to that of Examples 1 
and 2 was given ihc same pretreatnient, ex- 
cept that the anodic flash was for 10 second 
at a current density of 85 asf (85 coulombs/ 
ft"), and then cathodically treated in an aque- 
ous bath as follows: 
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Process Element 



Element 
Specification 



chromium trioxide 
cobaltous chloride 
cathodic current density 
cathodic treating time 
solution temperature 
line speed 

coulombs per square foot 
(cathodic pass) 



5.0 g/l 

0.25 B/1 
127 asf^ 

3.0 seconds 
120^ F 
100 fpm 

381 



no 



115 
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In this Example 3, following the electro- 
chemical coating treatment, the coated strip 
was rinsed, "squeegeed", and then passed 
into an aqueous chemical treating bath con- 
5 tainins 10 g/1 of chromium trioxide, the strip 
was tnen again "squeegeed" and hot air 
dried. 

The products produced by the use of the 
afoiesaid exemplary electrochemical coating 



baths and processes, including weights of 
metallic chromium and hydrated chromium 
oxide layers produced, together with perfor- 
mance of those products when tested for 
can fabrication property requirements in 
accordance with certain test procedures (as 
hereinafter described), are given in Table I 
below. 
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It will be seen from Table I that both a 
metallic chromium layer and an overlying 
chromium oxide layer was produced in the 
case of each of ihc above three exemplary 
5 processes of the invention, the metallic 
layer comprising from 0.4 to 0.8 mg Cr/ft% 
and the oxide layer comprising from 43 to 
8.3 mg Cr+^-^/ft^ of treated article sur- 
face. 

10 The products of the aforesaid examples of 
the process of the invention were tested to 
determine their conformity to the necessary 
product characteristics* as above-described, 
for food and beverage container use, the test 

15 procedures being as follows, with results as 
given in Table 1 above. 

Adhesive Peel Strength Test 
This test is used to measure the effect of 
the steel stock surface on the strength of a 
20 cemented^ lapjointed side seam in tin-free 
steel cans. 

In accordance with this test, flat panel 
samples (4X6 inches) of the treated steel 
stock were dip-coated with a lacquer to be 

25 used as die protective coating on the fabri- 
cated can and for which the adhesion to the 
can stock was to be determined. 

Such lacquered panels were air dried for 
10 minutes at room temperature and then 

30 oven-cured at 415**F for 30 minutes. 

The panels were then cut into J inch wide 
strps. Three nylon II pellets were heat- 
tacked to one of the lacquered strips for 
each of the treated steels to be tested, near 

35 one end thereof and equally spaced across 
the width of the strip. Another strip was 
positioned over the first and the two were 
wrapped in aluminium foil, clamped between 
heated (SOO^'F) platens (shimmed apart to 

40 maintain a 3 mil adhesive laj'er between the 
bonded test strips), the pressure raised to 
8O00 psig and held at' that value for 3 
seconds. The specimens were then removed 
and allowed to cool at room temperature. 

45 The strengtli of the resulting adhesive bond 
was determined by means of a standard ten- 
sile testing device provided with a special 
ISO"" peeling mandrel and operated at a 
speed of 2 inches per minute. 

50 As shown by the Tabic I data, such tests 
of the products of Examples I — 3, using 
SGvcral proprietary can-making quality ad^ 
hesives. showed the samples to have peel 
strengths of from 26 to 39 pounds per inch 

55 of sample widch — well above the mini- 
mum 25 pounds per inch requirements for 
steels of such thicknesses. 

Accelerated Salt water 
{Enamel Process Adhesion) Test 
60 This test is used to measure the degree 
of adhesion of can coating lacquers and 
enamels to the steel stock. Panel speci- 
mens. 4X6 inches, were provided with a 



dip-coating of a gold phenolic lacquer (No. 
1457 "Gold Lacquer", manufactured by In- 65 
terchcmical Corporation, of Clifton, New 
Jersey), diinned to give a coating weight, 
after baking, of 1.8 — 2.2 mg/in- of panel sur- 
face area. 

The panels were air dried for 10 minutes 70 
and then oven cured for 10 minutes at 
410"F. 

The panels were then placed in an aqueous 
solution consisting of sodium chloride, 30 
g/1. and 30% hydrogen peroxide. 10 ml/U 75 
and maintained therein, at a temperature of 
150**F, for 1 and 2 hours. The samples 
were then removed, rinsed in cold water, 
blotted dry and immediately subjected to the 
"Scotch Tape Test", wherein pressure-sensi- 80 
tive adhesive tape is applied to the sample 
and then quickly and forcibly removed. 

As will be seen from the Table I data, 
the samples thereof, when subjected to the 
one hour test, showed no loss of lacquer. 85 

Citric Acid Test 
This test is used to measure the resistance 
of ilie treated steel stock to undercutting of 
an overlying can coating lacquer or enamel 
by corrosive can contents, and simulates un- 90 
dercutting conditions encountered at the site 
of scratches, breaks or holes in the lacquer 
on carbonated beverage cans. 

Panels v/ei'c prepared and baked in the 
same manner as for the accelerated salt 95 
water test. Specimens 2 inches X 4 inches 
were taken from the panels and the lacquer 
cut through with a knife, making lines of 
O.l mm width and extending (1) in the steel 
roiling direction, (2) across The rolling direc- 100 
tion. and (3) diagonally to the rolling direc- 
tion. The specimens were then placed, 
with the cut line face up, in enameled tray 
containing a 3% citric acid solution, and 
Stored for 96 hours at 75 to 80° F. The 105 
specimens were then removed, blotted dry, 
and the total width of the cut lines was 
measured with a 7 magnifjang glass having 
an O.l mm scale on its field. 

Increase in scratched line width to more 110 
than 0.2 mm is considered as excessively 
severe undercutting. 

From the Table I data, it will be seen 
that in no instance did the width of the speci- 
mcnt lines increase measurably. 115 

Humid Storage Rust Resistance Test 
This test is used to determine the resis- 
tance of steel can stock to rusting during 
storage in a humid atmosphere and is thus a 
measure of the usefulness of a surface treat- 120 
ment to inhibit rusting during shipment and 
storage prior to lacquer application. 

Unlacquered panels of die treated steels, 
in the form of 4X6 inch panels, were 
placed, at an angle of 15°, in slotted plastic 125 
racks with 1 inch separations between panels. 
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The racks were placed in a sealed humidity 
cabinet at lOO'F and 85% relative humidity 
for 30 days. 

Inspection of the data of Table I shows 
5 that no rusting was observed in the case of 
either the products of Example 1 or 2, and 
that there was only very slight rusting of 
the product of the Example 3 process (most 
dilute electrochemical baUi. i.e. 5 g/l CrO,). 

ID Stack Rust Resistance Test 

This is a less severe rusting test than the 
aforementioned rust test, but nevertheless re- 
presents conditions that would rarely, if ever, 
be encountered under actual service condi- 

15 tions. 

In accordance with this test, 4 inch X 7 
inch panel samples of the treated steels, 
comprising five specimens of each material 
were placed in a tight stack, and the stack 



placed in a sealed dcssicator held at am- 20 
oicnt room temperature and 100% relative 
humidity for 60 days. 

As shown in Table I. no rusting, under 
these severe conditions, was observed in the 
case of the product of Example 1. and only 25 
slight rusting was produced on the Example 
2 and 3 products. 

The processes of Examples 1 — 3 were con- 
ducted and the products thereof produced, 
on a continuous pilot line basis. Additional, 30 
commerciaUscale tests were also conducted, 
using an aqueous electrochemical treatment 
bath containing, as catalyst and film promo- 
ter, I g/l of sulfamic acid, together with 20 
g/l of chromium trioxide, the bath being 35 
maintained at a temperature of 120''F. Other 
test parameters, together with a characteriza- 
tion of the products produced, are given be* 
low in Table II. 
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It will be seen from Table If. that, in the 
case of each example, a metallic chromium 
layer was deposited on the rapidly moving 
stee! strip, such layer ranging in weight from 
5 0.4 to 0.6 mg/ft- of article surface. A hy- 
drated chromium oxide layer was also pro- 
duced in each instance, and varied in weight 



from 4.8 to 10,2 mg Cr^+^/fi^ of article 
surface. 

The results of property tests, in all res- 10 
pccts as abovedescribed. performed upon the 
further examples of Table 11 are given in 
Tabic III. 
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As in the case of Table I examples, those 
of Tables 11 exhibited, as shown by the 
Table III data, good results in each test, in- 
dicating suitability of such products for food 
5 and beverage container manufacture. 
WHAT WE CLAIM IS: 
1. A method for the continuous produc- 
tion of coated corrosion- resistant, flat- rolled 
stee(-base stock comprising continuously pas- 
10 sing a flat-rolled steel-base stock ihrouch an 
electrochemical treating bath comprising an 
aqueous solution containing from 5 to 80 g/1 
of chromium trioxide and from 0.25 to 5 g/l 
of a promoter material selected from cobalt- 
15 ous chloride calculated as the hexa hydrate 
and sulfamic acid, while employing the stock 
as cathode for the bath to provide the stock 
with a protective coating comprising a layer 
of metallic chromium adjacent to the stock 
20 surface and a layer of hyd rated chromium 
oxide overlying the metallic chromium layer 

2. A method according to claim I where- 
in the cathodic current density is from 25 to 
300 asf to provide an electrical energy input 

25 to the stock of from 50 to 1000 coulombs/ 

3. A method according to claim 1 or 2 
wherein the stock to be treated is a cleaned 
tin*frce carbon steel black plate. 

30 4. A method according to claims 1 to 3 
wherein the solution contains from 0.25 to 
I.O g/I of colbaltous chloride (calculated as 
the hexahydrate) or from 0.25 to 2.0 g.'l of 
sulfamic acid. 

35 5. A method according to any of claims 
1 to 4 wherein the electrochemical treating 
bath is maintained at a temperature of from 
70 to 190''F. 

6. A method according to any of claims 1 

40 to 5 which includes adjusting the coulombic 
input to the stock in the electrochemical 
treating bath lo obtain in the treated stock a 
colour corresponding to a predetermined re- 
quired thickness of the hydrated chromium 

45 oxide laver. 



7. A method according to any of claims 
1 to 6 wherein the slock is subjected to an 
electrochemical anodic pre-treatment in a 
first treating zone. 

8. A method according to claim 7 where- 50 
in the anodic treatment is carried out by im- 
mersing the stock in a bath of the same 
composition as is used in the treatment of 

the stock as cathode. 

9. An electrochemical treatment bath 55 
comprising an aqueous solution containing 
from 5 to 80 g/I of chromium trioxide, and 
from 0.25 to 5 g/l of a promoter selected 
from colbaltous chloride (calculated as the 
hexahydrate) and sulfamic acid. 60 

10. A bath according to claim 9 wherein 
the aqueous solution contains 0.25 to 1.0 g/l 
of colbaltous chloride calculated as the hexa- 
hydrate or 0.25 to 2.0 g/l of sulfamic acid. 

U. Coated flat^rolled steel-base stock 65 
prepared by a method accordiog to any of 
claims 1 to 8. 

12. Coated stock according to claim 11 
wherein the chromium layer has a weight of 
from 0.1 to 2.0 mg of metallic chromium 70 
per square foot of surface, and the hydrated 
chromium oxide layer contains from 0.1 to 

30 mg of chromium values per square foot 
of surface. 

13. A method for the continuous produc- 75 
tion of coated flat-rolled steel-base stock sub- 
stantially as described hereinbefore fn any 
one of Examples 1 to 7. 

14. An elect rochemkral treatment bath 
substantially as described hereinbefore in any 80 
one of Examples I lo 7. 

15. Coated fiat-rolled steel-base stock 
prepared substantially as described in any 
one of Examples 1 to 7. 

REDDIE & GROSE, 
Agents for the Applicants, 
6. Bream ^s Buildings. 
London. EC4A IHN. 
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